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BSTRACT
bjective Twenty-four–hour recalls capture rich informa-
ion on food consumption, but suffer from inadequately
easuring usual intakes of episodically consumed foods.
e explore using food frequency questionnaire (FFQ)

ata as covariates in a statistical model to estimate indi-
idual usual intakes of episodically consumed foods and
heir distributions and describe the development of the
ood Propensity Questionnaire, an FFQ introduced in the
003-2004 National Health and Nutrition Examination
urvey.
esign We analyzed data from 965 adult participants in
he Eating at America’s Table Study who completed four
4-hour recalls and an FFQ. We assessed whether or not
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ncreasing FFQ-reported frequency was associated with
oth number of 24-hour recall consumption days and
mounts reported.
esults For 52 of 56 food groups (93%), and 218 of 230
ndividual foods (95%), there were significant monotoni-
ally increasing relationships between FFQ frequency
nd 24-hour recall probability of consumption. For 47 of
6 food groups (84%) and 55 of 230 (24%) individual foods,
here were significant positive correlations between FFQ
requencies and consumption-day mean intake.
onclusions We found strong and consistent relationships
etween reported FFQ frequency of food and food-group
onsumption and probability of consumption on 24-hour
ecalls. This supports the premise that frequency data
ay offer important covariate information in supple-
enting multiple recalls for estimating usual intake of

ood groups.
Am Diet Assoc. 2006;106:1556-1563.

ietary guidance in the United States is focused on
the consumption of food over time (1), and national
dietary goals, such as Healthy People 2010 (2), are

ramed in terms of proportion of the population meeting
pecified average daily amounts of foods or food groups.
etween 1994 and 2002, the national data used to assess
ow closely individuals’ intakes meet dietary recommen-
ations or how closely the population meets dietary goals
onsisted of two detailed 24-hour dietary recalls con-
ucted in a large population-based survey, the Continu-
ng Survey of Food Intakes by Individuals (CSFII) (3),
nd one recall from the 1999-2002 National Health and
utrition Examination Survey (NHANES) (4). Although
4-hour recalls capture rich information on a person’s
ood consumption, this dietary assessment method suf-
ers from difficulties in adequately measuring the usual
ntake of foods that are not consumed nearly every day

ie, episodically consumed foods). Even when two 24-hour

© 2006 by the American Dietetic Association
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ecalls are collected, the probability of consumption for
ost foods is poorly captured at the individual level.
These limitations led us to consider using statistical
odeling to combine food frequency questionnaire (FFQ)

ata with a limited number of 24-hour recalls. The essen-
ial element of an FFQ is precisely that which the 24-hour
ecalls lack—that is, the probability of consumption, que-
ied as frequency of usual intake over a specified time
eriod (often, “in the past year”). On the other hand,
FQs do not provide adequately detailed information
bout amounts consumed because they crudely query
ortion size, assign standard portion sizes to estimate
utrient intakes, and ask respondents to report their
verage portion size over a long period of time. In com-
arison, 24-hour recall methodology attempts to correctly
uantify portion size for each eating occasion.
The idea of including frequency-type questions in na-

ional dietary surveillance is not new. A varying number
f intake days and FFQs occasionally have been included
n dietary surveys to better assess usual intakes for par-
icular foods or food groups of interest (1-6). For example,
etween 1971 and 1994, NHANES included frequency
uestionnaires that varied in terms of food and food-
roup specificity, the reference period, and the frequency
esponse categories. NHANES I and NHANES II in-
luded frequency questions covering all major foods and
ood groups consumed over a 3-month reference period
5,6). The Hispanic Health and Nutrition Examination
urvey (7) also used a 3-month reference period, but its

requency questions covered a more extensive food list
hat targeted dietary sources of vitamins A and C and fat.
he NHANES III frequency questionnaire used a “past
onth” reference period and targeted dietary sources of

itamins A and C, calcium, caffeine, and fat (8).
Why one would even consider combining frequency

ata from an FFQ with high-quality recall data in a
tatistical model for purposes of improving national di-
tary surveillance is a fair question. After all, FFQs,
hich are considered the only practical and affordable
ietary assessment method for purposes of measuring
sual intake in large epidemiologic studies, are known to
xhibit a significant amount of measurement error (9-12).
he nutrition community has exhibited considerable
kepticism about the accuracy with which individuals can
ecall and report a year’s worth of food intake, and the
esulting output for absolute intake of nutrients and food
roups. However, our approach, presented by Tooze and
olleagues (13), does not use the absolute frequencies
eported by respondents as individual measures of fre-
uency of intake. It requires only that the FFQ frequency
nformation be related to the 24-hour recall information
ith respect to an individual’s probability of consuming a
articular food.
We looked to a well-established FFQ—the Diet History
uestionnaire (DHQ) (14), sponsored by the National
ancer Institute and currently among many FFQs used

n nutrition epidemiologic research as a springboard from
hich to develop an instrument to use in a statistical
odel with recall data in the 2003-2006 NHANES. The

ood list for the DHQ was established using data from the
S Department of Agriculture’s 1994-1996 CSFII (15).
he format, wording, and order were established through

xtensive cognitive testing (16). In addition, the DHQ was 2
ssessed in three validation studies. Two of these studies
9,10,17) assessed the validity of the estimates of nutrient
ntakes derived from the DHQ and are not applicable to
ow well an FFQ might perform in statistical modeling of
sual food intake as described by Tooze and colleagues
13). The third study (18) assessed the validity of esti-

ates of frequency of food intake only; therefore, the
ndings are more applicable to our proposed new use of
n FFQ. We describe all the validation studies briefly,
oth as an indication of the level of scrutiny the DHQ has
ndergone and to acknowledge problems with FFQs in
eneral.
The first validation study, the Eating at America’s Ta-

le Study (17), indicated that, in measuring nutrient
ntakes, the DHQ was as good as or better than two other
idely used FFQs available at the time; the estimated
verage correlation coefficient between 25 nutrients (en-
rgy adjusted) and “truth” was 0.63 for women and 0.65
or men (range 0.36 to 0.81), assuming four 24-hour re-
alls as the unbiased reference instrument in a measure-
ent error model assessing energy-adjusted intake of

utrients (12).
The second validation study, the Observing Protein and

nergy Nutrition Study (9,10), assessed the structure of
easurement error in the DHQ with respect to absolute

ntake of energy, protein, and energy-adjusted protein
sing unbiased biological measures as the reference. The
ndings indicated significant measurement error, both
andom and systematic, with respect to absolute intakes.
The results of the Checklist Validation Study (18) are
ost relevant to assessing food consumption probability

ecause they relate to frequency of intake only. For 30
ays, respondents completed a checklist (the reference
nstrument), recording frequency of intake of selected
ood items. After completing the checklist, these respon-
ents filled out an early version of the DHQ, which que-
ied frequency of intake during the past month. Results
howed consistently high agreement (�85%) between the
eference instrument and ever-vs-never consumption
cross nine food groups in the DHQ. Results also showed
odest to high correlations (r�0.5) of frequency of con-

umption for most foods and food groups. Although the
tudy was limited to 30 days and the DHQ was completed
fter the subjects had recorded their frequency of intake
f a limited number of foods daily, these relationships,
hich indicated high agreement for probability to con-

ume, were considered adequate for consideration in the
odel by Tooze and colleagues (13).
Using frequency data from an FFQ as covariates in

tatistical models directed at estimating usual intake of
pisodically consumed foods requires not that the fre-
uency information be precise, but rather that it exhibit a
trong and predictive relationship with 24-hour recall
ata with respect to an individual’s probability to con-
ume a particular food. If, in addition, it has a relation-
hip with the amounts reported on a 24-hour recall, this
ight provide additional information. The purposes of

his report are to quantify this relationship and deter-
ine if it supports the concept of using an FFQ as a

ovariate in the statistical model described by Tooze and
olleagues (13), and to describe the development and ap-
lication of an FFQ for this purpose in the NHANES

003-2006.
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ETHODS
tudy Description
e used data from the Eating at America’s Table Study,

escribed in detail elsewhere (17), to assess the relation-
hip between reported DHQ frequency and both proba-
ility of consumption of a particular food or food group on
given day and the amount consumed on consumption

ays using four 24-hour recalls. The Eating at America’s
able Study, which began in August 1997, incorporated
ationally representative sampling and random-digit di-
ling techniques to obtain and recruit participants. Each
articipant completed four telephone-administered 24-
our recalls during 1 calendar year (one recall per sea-
on). At the end of the year in which the 24-hour recalls
ere collected, participants completed the DHQ. A total
f 965 respondents (60%) completed all four 24-hour re-
alls and a DHQ that met criteria for acceptability. This
tudy was approved by the National Cancer Institute
pecial Studies Institutional Review Board.
The 24-hour recalls were collected using the multiple-

ass methodology developed for the 1994-1996 CSFII (3).
he DHQ used in the Eating at America’s Table Study
as a 36-page booklet querying frequency of intake for
24 individual food items with average portion size indi-
ated in three ranges. The instrument took about 1 hour
o complete (19). Additional embedded questions were
sked about related factors for about one third of the
tems queried resulting in 143 items on the instrument.
hese included queries on seasonal intake, proportion of
onsumption of specific types of food, and/or fat uses or
dditions. A copy of the instrument used in the Eat-
ng at America’s Table Study can be downloaded from
ttp://riskfactor.cancer.gov/DHQ.

reation of Food Intake Variables
ach of the 4,062 unique food codes used in coding the
4-hour recalls in the Eating at America’s Table Study
as placed into one of 184 groups of nutritionally and

ognitively similar foods. Of these, 143 had been selected
or inclusion in the DHQ based on earlier analyses that
ndicated they were the most important contributors to
otal intakes of energy, fat, vitamin C, beta carotene,
ietary fiber, vitamin A, calcium, or vitamin E (20). These
43 food groups represented line items on the DHQ and
ere referred to on the instrument as either individual

oods (such as “cheese”) or as food groups (such as “pan-
akes, waffles, or french toast”), which contain nutrition-
lly or cognitively similar foods. Hereafter, we refer to the
43 groups created from the 24-hour recall data as “DHQ
ood groups.” For example, all 24-hour recall food codes
or bread were grouped into two DHQ food groups: white
read or whole-grain–containing bread.
Because of our interest in evaluating foods and food

roups important in dietary guidance and singled out for
oals, such as dark-green vegetables (2), we also created
yramid food group variables (21) from the DHQ food
roups from 24-hour recalls by using the Pyramid Serv-
ngs Database (22). For example, the recall data showed
hat four DHQ food groups—broccoli, cooked greens, raw
reens, and salads—together contributed 85% to total
ntake of dark-green vegetables. Some DHQ food groups

epresent food mixtures, which could contribute to mul- n

558 October 2006 Volume 106 Number 10
iple Pyramid food groups. For example, chili contributes
o total meat, legumes, tomatoes, and total vegetables,
nd cakes, cookies, and brownies contribute to grains,
iscretionary fat, and added sugar. Finally, we looked at
he proportion each DHQ food group contributed to total
ntake of each Pyramid food group. Those top DHQ food
roups whose cumulative proportion was at least 85% of
he total amount of any Pyramid food group reported on
4-hour recalls by Eating at America’s Table Study sub-
ects were considered in the analyses of Pyramid food
roups in this study.
The premise we investigated is whether or not fre-

uency data from an FFQ, without portion size, can pro-
ide useful covariate information in a statistical model
hat estimates usual food intake from two 24-hour re-
alls. Therefore, in our analyses of the Eating at Amer-
ca’s Table Study data, we excluded the portion size infor-

ation and used only the frequency data from the DHQ.

ata Analyses
e first assessed the relationship between DHQ frequen-

ies of eating a particular food and 24-hour–recall reports
f eating the same, by sex of respondent. A report on the
4-hour recall refers to any mention of the food; the
umber of times the food is mentioned and the amounts
re not considered. All frequency responses from the
HQ were converted to average daily frequencies for both

ndividual line items and Pyramid food groups. Individ-
al line item frequencies were reported as one of 10 or 11
iscrete categories for beverages and foods, respectively,
n the DHQ, ranging from zero to six or more times per
ay for beverages and zero to two or more times per day
or foods. For some individual line items, embedded ques-
ions were asked regarding proportion of the time (eg,
lmost never or never, about one quarter of the time,
bout half the time, about three quarters of the time,
lmost always, or always) these foods were consumed as
arying types, such as low-fat vs regular-fat luncheon
eats or whole-grain vs non–whole-grain breads. These

roportions were applied to the frequencies of the indi-
idual line items. Then, response category frequencies
ere converted to a daily average (eg, a report of one time
er week was converted to one seventh times per day). It
s important to note that some DHQ response categories
ere not selected by any respondent. For example, no one

n the Eating at America’s Table Study reported consum-
ng broccoli two or more times per day.

For Pyramid food groups, daily frequencies for individ-
al DHQ line items were summed to calculate a total
aily frequency. For example, frequencies for the individ-
al line items broccoli, cooked greens, raw greens, and
alad were summed to determine a total daily frequency
f Pyramid servings of dark-green vegetables. Because
he summed Pyramid food-group variables had a more
ontinuous distribution than the single DHQ line items,
requency reports of zero were placed into one group and
ll nonzero frequencies were placed into deciles.
We restricted this analysis to 117 of the 143 individual
HQ food groups and 28 of the 30 Pyramid food groups.
e did not analyze the Pyramid food groups for discre-

ionary fat and added sugar because they are consumed
aily by almost everyone, and therefore, an FFQ would

ot be expected to add a significant amount of informa-

http://riskfactor.cancer.gov/DHQ
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ion to what is provided by 24-hour recalls alone. Consis-
ent with this decision, 26 of 143 DHQ food groups were
xcluded because they contributed only to discretionary
at or added sugar (such as butter, margarine, sugar). We
hen found that two DHQ food groups (soymilk in cereal
nd poultry cold cuts, such as turkey bologna) were never
eported on the Eating at America’s Table Study recalls
nd thus were not usable, leaving a total of 115 DHQ food
roups for analysis.
To analyze the relationship between frequencies on the
HQ and reports of consumption on 24-hour recalls, we
rst investigated the relationship between frequency of
oods (line items) on the DHQ and probability of con-
umption of DHQ food groups on four 24-hour recalls. We
ypothesized that the probability of reported consump-
ion of a particular food on four 24-hour recalls, which has
iscrete values of 0, 0.25 (1 day out of 4 days), 0.5 (2 days
ut of 4 days), 0.75 (3 days out of 4 days), and 1.0 (all 4
ays), would tend to increase with increasing DHQ fre-
uency reports of that food. We assessed this aggregate
evel tendency using the nonparametric Jonckheere-
erpstra test (23). For our purposes, P�0.05 for this test

ndicates that people with a high vs low DHQ frequency
re more likely to report consumption on multiple days
nd, hence, have a higher probability of consumption on
ny given day.
Second, we assessed the relationship between DHQ

requency and the amount (expressed as Pyramid serv-
ngs) reported on any 24-hour recall consumption day.
ur hypothesis was that people who reported high fre-
uency of consumption of a food on the DHQ would, as a
roup, consume larger amounts of that food on 24-hour
ecalls than those with lower DHQ-reported frequency.
odd and colleagues (24) have shown for several food
roups that the average consumption-day amount for in-
ividuals who consumed on more days tends to be higher
han the average consumption-day amount for individu-
ls who consumed on fewer days. We assessed whether or
ot DHQ frequencies were related to amounts consumed
n recalls by calculating the Spearman correlation be-
ween the ranked DHQ frequencies and the ranked indi-
idual consumption-day mean intakes of DHQ food
roups on the 24-hour recalls.

ESULTS
ating at America’s Table Study respondents were ap-
roximately evenly divided by sex and ranged in age from
0 to 60 years. About 80% were white, 10% African Amer-
can, and 5% Latino. Most (75%) had more than a high
chool education.
Figure 1 compares daily frequency reported on the
HQ to probability of consumption on four 24-hour re-

alls among men for three example food groups (ie, whole
rains, dark-green vegetables, and citrus/melon/berries)
nd three individual foods (ie, broccoli, canned tuna, and
pples). These six were selected because they represent a
ange of foods and food groups consumed in varying fre-
uencies or because they are of public health interest.
he findings for women are similar (data not shown). For
he individual foods, the size of the circles represents the
umber of respondents in each frequency group. In the
ase of food groups, the circles are the same size because

he frequencies were divided into deciles as described s
reviously. A very small circle, such as that found in the
gure for Vegetables (Dark Green), represents those few

ndividuals with no reported frequency of intake of that
ood or food group on the DHQ. The scales on the graphs
re different for each example because both frequency
nd probability vary widely among the foods. For 52 out
f the 56 food groups (93%) and for 218 out of 230 indi-
idual foods (95%), the Jonckheere-Terpstra test was sig-
ificant (P�0.05), indicating a monotone increasing rela-
ionship between DHQ frequency and 24-hour recall
robability of consumption on a given day. Most of these
ests (92%) had a P�0.0001. All examples in Figure 1
llustrate significant relationships. Individual foods for
hich the test was not significant were those rarely con-

umed, such as soy milk in cereal, liver, stuffing, ground
oultry, and pecan pie. The four food groups for which the
est was not significant occurred in men and can be char-
cterized as either rarely consumed (eg, organ meats) or
o ubiquitously consumed (eg, total grains, non–whole
rains, and total vegetables) that the probability is nearly
lways one on the recalls even though the daily frequency
n the DHQ has considerable variation. The first case
eflects too little information, and the second reflects
onstant probability of consumption.
Figure 2 shows the comparison of daily frequencies

eported on the DHQ to amounts expressed as Pyramid
ervings consumed that were averaged from four 24-hour
ecalls, also for men. For 47 out of 56 food groups (84%)
pearman correlations were positive and significant

P�0.05), indicating that large DHQ frequencies are as-
ociated with increasingly large consumption-day mean
ntake. This is demonstrated by the three food groups
llustrated. For individual foods only 54 out of 230 (24%)
ad significant Spearman correlations; five were nega-
ive. The range of significant correlation coefficients, in
erms of absolute values, was 0.10 to 0.80; with an inter-
uartile range of 0.20 to 0.36. The range for nonsignifi-
ant correlations (0.00 to 0.70) overlaps that for signifi-
ant ones, and the interquartile range is 0.04 to 0.15.
nother 19 foods had P values between 0.05 and 0.10. In
igure 2, broccoli and tuna show significant positive cor-
elations (P�0.05) between frequency and amount, but
pples do not.

ISCUSSION
hese findings show strong and consistent relationships

or the majority of foods and food groups examined be-
ween reported frequency of consumption based on an
FQ and probability of consumption on four 24-hour re-
alls. This supports our premise that an individual’s fre-
uency reports on an FFQ may be useful as a predictor of
is or her probability of consumption, a factor/character-

stic that cannot be assessed with only a few recalls.
onceptually, this means that it may be possible to first
odel the relationship between 24-hour recall probabili-

ies and FFQ frequencies at the aggregate level and then
redict probability of consumption at the individual level.
his supports the use of these frequency data to supple-
ent, not supplant, recall data collected in national sur-

eillance.
As to whether or not frequency reports may offer any

dditional benefit in better estimating amounts con-

umed, our results showed that the relationship between

October 2006 ● Journal of the AMERICAN DIETETIC ASSOCIATION 1559
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requency and amount is not necessarily evident for indi-
idual foods. Although this relationship simply may not
xist for some individual foods, for others it is possible
hat the relationship exists but cannot be discerned from
nly four 24-hour recalls. This may be because ranks of
ndividual 4-day means do not accurately reflect the
anks of the usual amounts consumed on a daily basis (a
epercussion of the large within-individual variability
iscussed at length in Dodd and colleagues [24]). Another

igure 1. Diet History Questionnaire (DHQ) frequency vs 24-hour reca
P�0.0001). (Data from this figure are available online at www.adajour
ontent.)
onsideration is that foods like apples that are usually t

560 October 2006 Volume 106 Number 10
onsumed as single units are less likely to exhibit vari-
bility in portion size no matter how high the reported
requency.

The relationship between frequency and amount dif-
ered with respect to food groups. Here we showed that
ore often than not, a moderate to strong relationship

etween frequency and amount is observed. We chose to
ssess Pyramid food groups, but we could have applied
ur method to other food groups of interest by combining

bability among men. All examples represent significant relationships
g as part of a PowerPoint presentation featuring additional online-only
ll pro
nal.or
he daily frequencies of any number of individual DHQ

http://www.adajournal.org
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oods and the findings would probably have been similar.
iven that foods in food groups are often substituted for
ne another, we are more likely to observe intake of a food
roup on four recalls and, thus, to see the relationship if
t exists. In any event, predicting probability is most
mportant in modeling usual intake of episodically con-
umed foods; anything added by the correlation between
requency and amount will improve the model but may
ot be necessary.

igure 2. Diet History Questionnaire (DHQ) frequency vs amount consu
xcept for apples. (Data from this figure are available online at www
nline-only content.)
A more complex model, like that presented by Tooze r
nd colleagues (13), may be able to detect an underlying
elationship between probability and amount that this
impler analysis cannot. Whether or not that is the case,
hese findings indicate that the primary requirement for
ur intended use of frequency data in dietary surveil-
ance—that is, as a covariate in a model where the main
ariables are amounts and frequencies of food as reported
n two 24-hour dietary recalls—was met. An FFQ can
nly enhance the information obtained from recalls, not

on 24-hour recall among men. All examples are significant at P�0.05,
journal.org as part of a PowerPoint presentation featuring additional
med
.ada
eplace them.
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se of This Study’s Findings in NHANES 2003-2006
he Food Propensity Questionnaire (FPQ) (available at
ttp://riskfactor.cancer.gov/diet/adi/fpq.html) is the FFQ
hat was pilot-tested and incorporated into NHANES
003-2006 for individuals aged 2 years and older. It con-
ains 139 questions, some of which include additional
mbedded questions. Although our primary purpose in
ncorporating the FPQ into NHANES 2003-2006 was to
ssess diets in relation to the Dietary Guidelines for
mericans (1) and the Healthy People 2010 objectives (2),
e retained most of the standard DHQ line items in the
PQ, even though each one was not necessarily tied to a
ietary guideline or goal. We did so because some
trengths of the DHQ are that it queries intake in a
ogical and understandable manner and conveys the
ense that total diet is of interest.
To develop the FPQ for use in NHANES, we removed

ortion size questions and made some changes and mod-
fications to the original DHQ questions. First, we inves-
igated whether or not we had incorporated all the nec-
ssary food items for assessing important dietary goals
or episodically consumed foods or food groups, such as
ark-green vegetables or whole grains, by analyzing food
ources of Pyramid food groups from the 1994-1996
SFII. This led to some modifications/additions to line

tems, such as querying the proportion of the time “hot
ereal” was oatmeal or how often “cooked grains” were
hole grains.
Second, some of the DHQ questions regarding details of

ddition of fats and oils were removed, given that esti-
ating usual intake of discretionary fat from recall data

lone is fairly accurate because it is generally consumed
aily by almost everyone. In addition, questions on fre-
uency of intake of added fats, spreads, and oils are
otoriously difficult to answer.
Third, because the DHQ was originally developed

ased on data from adults only from the CSFII (3), we
nalyzed 1994-1996 CSFII for children’s sources of Pyr-
mid food groups to assess the need to add foods con-
umed primarily by them. As a result, apple juice, grape
uice, granola bars, and pudding/custard were added. Fi-
ally, we consulted with other federal government agen-
ies regarding their specific data needs. Based on discus-
ions with the US Food and Drug Administration, we
dded two questions about raw fish and raw milk.
In NHANES 2003-2006, the FPQ (available in both Span-

sh and English) was sent to all respondents aged 2 years
nd older after they completed the second 24-hour recall.
hose not completing the second recall were not sent an
PQ. The instrument was intended to be self-administered

or those aged 12 years or older. For children aged 2 to 5
ears, a parent or guardian was to complete the instrument;
or those aged 6 to 11 years, the FPQ was to be completed
ith assistance. Respondents were remunerated with $30
fter the questionnaire was returned.
Preliminary unweighted response rates for 2003-2004

ndicate that for those aged 2 years or older (n�7,821)
ith dietary recall data, 80% returned the FPQ. Nine
ercent of those returned were completed in Spanish. The
able presents the response rates by demographic
roups. Response rates are fairly uniform. Teenagers,
ollowed by those aged 20 to 59 years, had the lowest

esponse rates. FPQ returns by subjects with less than a c

562 October 2006 Volume 106 Number 10
igh school education were five to six percentage points
ower than subjects with a high school education or more.

Response rates to the self-administered FPQ were ac-
eptable at approximately 80%. Without a doubt, respon-
ents with low literacy will find it difficult to complete the
PQ unassisted. In addition, given past experience with
FQs, it is likely that frequency responses will be missing
t random. Work is currently under way to determine if
tandard imputation techniques can be applied when an-
lyzing FPQ data.

ONCLUSIONS
ur intended use of FFQ data is novel. The FPQ data will
ot be used to estimate absolute nutrient intake or fre-
uency of food group intake—the usual use of FFQ data
n epidemiologic research. Rather, the reported frequen-
ies will be used solely as covariates in a two-part statis-
ical model to enhance the estimation of usual intakes
13). Although individuals may try to describe their diets
ell when responding to an FFQ, as numerous studies

how, they do so with substantial random and systematic
rror (9-12). Nevertheless, when individuals are grouped
y frequency of reporting food groups, those frequencies
xhibit a strong enough relationship with probability of
onsumption on 24-hour recalls to be considered for use
s covariates in statistical modeling of usual intake from
4-hour recall data.
Both the FPQ instrument and frequency data from the

PQ used in NHANES 2003-2006 will be available on the
orld Wide Web for use by investigators. Further infor-
ation regarding how to use two 24-hour recalls and the
PQ data in a model to determine usual intake of episod-

cally consumed foods will be made available. This study
emonstrated that data from the FPQ can be used as
ovariates when estimating usual intake of episodically

Table. Preliminary unweighted food propensity questionnaire re-
sponse rates by demographic characteristics: National Health and
Nutrition Examination Survey 2003-2004

Demographic group

Response Rate (%)a

Males Females

Total (n�8,847) 77 83
Age (y)
2-5 77 74
6-11 81 84
12-19 70 81
20-59 76 84
60� y 87 89
Race/ethnicity
Non-Hispanic white 82 86
Non-Hispanic African American 73 81
Mexican American 74 82
Education levelb

�High school 75 82
High school 82 88
�High school 82 86

aPercent of those completing two 24-hour recalls.
bBased on 4,145 persons aged 20 years and older.
onsumed foods from 24-hour dietary recall data.

http://riskfactor.cancer.gov/diet/adi/fpq.html
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